Abstract This study tests the temporal stability of preferences, choices and willingness to pay (WTP) values using both discrete choice experiment (DCE) and open-ended (OE) WTP elicitation formats. The same sample is surveyed three times over the course of two years using each time the same choice sets. Choice consistency is positively correlated with choice certainty and choice complexity. The impact of choice complexity fades away in time, most likely as a result of learning and preference refinement. Although the OE WTP values remain stable over a time period of 2 years as in previous stated preference studies, DCE based WTP measures differ significantly, suggesting their use in benefits transfer may be limited.
Introduction
The results of stated preference (SP) surveys are commonly used to estimate non-market values associated with proposed environmental changes at alternate study sites. As it is common for the source study and benefit transfer applications to take place several years apart, it is at least implicitly assumed that underlying preferences are temporally stable (Brouwer 2006) and choices are consistent (Schaafsma et al. 2014) . The validity and reliability of these assumptions have been tested in different ways and over different time periods in SP studies, varying from just a few weeks or months to several years, using either the same B Roy Brouwer rbrouwer@uwaterloo.ca 1 or different samples (e.g., Whitehead and Hoban 1999; Berrens et al. 2000; Brouwer and Bateman 2005; Brouwer 2012; Fetene et al. 2014) . Based on an overview of the existing test-retest contingent valuation (CV) literature, McConnell et al. (1998) concluded that SP and corresponding willingness to pay (WTP) values are stable over a time period of two years.
Discrete choice experiments (DCEs) have the advantage that through repetition respondents are expected to be capable of making more precise and consistent decisions, because they learn about the survey format, the associated hypothetical market environment and their own preferences (List 2003) . Hoeffler and Ariely (1999) show that preference stability is positively correlated with choice experience (single versus repeated choice) and choice effort (easy versus difficult choice). This is fundamentally different from the preference elicitation formats employed in the early SP literature, where respondents are directly asked for their WTP, either through an open-ended (OE) or dichotomous choice (DC) WTP question. The OE question has been shown to produce more conservative WTP estimates than DC formats, but respondents have been reported to experience more uncertainty when answering OE than DC WTP questions (Bateman et al. 1995) .
The empirical evidence for DCEs is much more limited than for other SP elicitation formats and mainly related to health care (for an overview see, for example, Mørbak and Olsen 2014) . The results for DCEs confirm that WTP values are stable over short time periods (2 weeks to a few months). In the environmental valuation domain, only two published studies administered the same choice set sequence again after approximately one year to the same sample of respondents. Liebe et al. (2012) and Schaafsma et al. (2014) find similar results in terms of choice consistency and WTP estimates. However, Schaafsma et al. (2014) show that although WTP values remain stable, underlying preferences in the estimated choice models changed significantly over the one-year time period. Bliem et al. (2012) also tested the same choice set sequence over a one-year time period, but used different samples. They too found no significant differences in WTP.
This paper differs from the existing literature in that it tests and compares the temporal stability of SP and WTP values applying both a DCE and OE WTP elicitation format for an identical environmental change at three instead of two points in time. The same sample of respondents is offered the same sequence of choice sets and OE WTP questions exactly 6 and 24 months after they participated in the original survey. This provides more insight in preference dynamics than a test-retest at two points in time. The main objective of the study is to determine to what extent (1) choices in the same DCE are consistent, (2) the underlying indirect utility functions and WTP estimates derived from the DCE are stable, and (3) WTP estimates obtained from the OE WTP elicitation format are stable across the three surveys. Choice consistency is defined in this study in the strictest sense possible, i.e. as a respondent's choice for the same alternative in the identical choice set, either within (e.g. Brouwer et al. 2010) or between surveys (e.g. Schaafsma et al. 2014) . Based on theory and the available empirical evidence, our a priori expectation is that, unless major changes occurred in the socio-economic situation of respondents (for which we control), preferences are stable, choices consistent and hence both the DCE and OE WTP estimates remain the same over a period of 2 years. Note that this does not necessarily mean that the OE and DCE based WTP values have to be the same for the same environmental change. The empirical evidence regarding the equality of welfare estimation derived from these two elicitation formats is mixed (e.g. Foster and Mourato 2003; Mogas et al. 2006) . Our main interest here is to test the temporal stability of preferences and WTP values for each of the two elicitation formats.
Econometric Modeling Framework and Hypothesis Testing

Econometric Modeling Framework
Preferences for the policy alternatives chosen in the DCE are modeled in terms of McFadden's (1974) Random Utility Model (RUM), allowing for a separation of utility (U ij ) into a deterministic (V ij ) and stochastic part (ε ij ) [Eq. (1)]. The deterministic component of alternative j can be specified as a linear function of its attributes (X) and, possibly, other explanatory variables (Z), where β and γ are the vectors of parameters associated with X and Z respectively:
The probability that alternative j is chosen by an individual i from a choice set sequence C is:
In order to estimate Eq. (2), assumptions have to be made about the distribution of the error terms. Mixed distributions are most common nowadays in the DCE literature. Mixed logit models are flexible as they allow the model coefficients to vary across individuals, account for correlation across alternatives and generate unrestricted substitution patterns (McFadden and Train 2000) . By enabling coefficients to vary randomly, the model is able to account for unobserved preference heterogeneity between individuals.
In the mixed logit model, the probability of observing a sequence of choices y i for an individual i is conditional on the parameter vector β i . This vector of parameters is estimated as the product of conditional probabilities of all choice sets t = (1,…,T) presented to the respondent:
Since the researcher does not observe β i , Eq. (3) is integrated over all possible values of β i using their density function f (β|θ ):
The probability of a sequence of choices for any individual is therefore conditional on the parameters of the density distribution, which is typically assumed to be normal:
The integral in Eq. (4) cannot be solved analytically and requires simulation. The probability is approximated through a simulated maximum likelihood, which generates draws from distributions with given means and standard deviations. Here we will use 1000 Halton draws to ensure the efficiency of the maximum likelihood simulation procedure and model stability (Bhat 2001) .
Hypothesis Testing Procedure
Following the main objectives, we test four hypotheses in this study. The first hypothesis relates to choice consistency in the DCE, which we define here as the individual respondent's choice y i of the same alternative j in choice set t across surveys:
To test this first hypothesis, we compare choices for each respondent across choice sets at three points in time, which gives us the proportion of consistent choices. The non-parametric Sign test is applied to test the equality of choices. The second hypothesis relates to the stability of the underlying indirect utility function presented in Eq. (1). The estimated preference parameters β and scale parameters λ in the utility function are expected to be the same across the surveys:
The scale parameter λ is inversely related to the variance of the error term ε in Eq. (1) (Louviere et al. 2000) . Scale increases (variance decreases) are typically associated with refined and more accurate choices between alternatives (Holmes and Boyle 2005) . In order to test equality of preference and scale parameters in the test and retests, we follow the Swait and Louviere (1993) The DCE based WTP values are derived from the same choice models applied to test the second hypothesis, but estimated in WTP space (e.g. Daly et al. 2012) . The third hypothesis is tested using the Wald test.
Finally, in view of the fact that the OE WTP always follows the DCE, we test for possible ordering effects by using split samples, one receiving the OE WTP question after and one before the DCE. This gives us our fourth and final hypothesis:
In this case, equality of mean WTP will be tested using the non-parametric Mann-Whitney test given that the WTP values are elicited independently from each other in split samples.
Case Study
The increasing contamination of freshwater systems with thousands of chemical compounds from pharmaceuticals, personal care products, pesticides, and chemicals used in industry is a growing environmental concern worldwide. A common name for these chemicals in water bodies at low concentrations is micropollutants (MPs). Despite their low concentrations, there are indications that MPs have potentially adverse impacts on aquatic ecosystems (Kidd et al. 2007 ). However, little is known about their implications for the environment and human health. New wastewater treatment technologies have been developed, which are able to remove up to 80 percent of MPs from wastewater (Hollender et al. 2009 ). This new technology is very costly. This study explores public preferences and WTP for upgrading wastewater treatment plants with the aim of removing MPs from water bodies and hence reduce their possible environmental and health risks. The environmental risk attribute in the DCE in this study reflects the impact MPs are expected to have on aquatic flora and fauna. Levels of the potential environmental risk attribute were defined based on the number of MPs that exceed their environmental quality standards downstream from wastewater treatment plants in Switzerland. A detailed description is provided in Logar et al. (2014) . Current environmental risk levels across the whole of Switzerland vary from low to high and were visualized in a map that was shown to respondents in the survey.
Given that Switzerland is a federation where distribution of drinking water and sanitation of wastewater fall within the competence of the cantons, people were offered the possibility to choose between removal of MPs in wastewater treatment plants at national or regional (canton) level. Hence, the second attribute captures respondents' preferences for the spatial scale of a reduction in the potential environmental risk.
The third attribute in our DCE measures the expected number of years necessary before scientific knowledge about the impacts of MPs on human health would become available by extra investments in relevant scientific research. Such knowledge would support policy and decision-making to upgrade wastewater treatment plants for the sake of safeguarding human health. Based on expert judgment, it was expected to take at least another 20 years in the current situation before a well-informed decision can be made about the health risks involved. Respondents were explained that investing more in scientific research could reduce this to 15, 10 or 5 years.
The possible environmental and health benefits had to be traded off against an increase in the household's annual water bill, varying between 10 and 150 Swiss Francs (CHF). A main effects fractional factorial design was used. Out of several design variants generated by the software Sawtooth CBC we selected the one with the lowest reported D-error and checked for the presence of strictly dominant alternatives. This resulted in 38 different versions, each consisting of six choice sets. A version was randomly assigned to respondents. The six choice sets included two hypothetical policy scenarios and the option to choose none of the two and stay with the status quo. Respondents were informed that this third option meant that their water bill would not increase, current potential environmental risk levels stay the same and would not be reduced to a low potential risk level, and that it would take at least another 20 years before more information would be available about the human health risks.
The design was pre-tested in three rounds in April and May 2012 with the help of a hired marketing company specialized in public surveys and communication. The first two pre-tests consisted of 76 face-to-face interviews and led to several changes in the formulation of questions and explanation related to the DCE. The third and final pre-test was conducted online among a sample of 122 respondents.
The attributes in the DCE were presented to respondents both as pictograms and as text. An example of a choice set is presented in Fig. 1 . After each choice set, respondents were asked to rate their level of certainty regarding the choice they made on a scale from 0 to 10, where 0 indicates not certain at all and 10 completely certain. Following the DCE, all respondents were asked in an OE WTP question what they would be willing to pay maximum for the policy scenario where the potential environmental risk is reduced to the lowest level for the whole country. This is a commonly applied procedure to allow for a direct comparison between the WTP values derived from the DCE and OE WTP elicitation formats for a particular policy scenario (e.g. Hynes et al. 2011) . Typically, the OE WTP question generates lower values than discrete choice questions in the early SP literature (e.g. Bateman et al. 1995 ). An OE WTP question was used instead of a dichotomous choice WTP question because this came out as the preferred elicitation format based on pretesting. Respondents reported to feel fatigue when asked to go through another series of discrete choices related to their WTP after the DCE.
The web-based survey was programmed in the software Sawtooth CBC. The first survey was administrated over the internet in May 2012. It was conducted in the 20 German-speaking cantons of Switzerland, which form the majority of the country's 26 cantons. The survey sample was set up to be representative for this part of Switzerland. Respondents above the age of 18 were randomly drawn from a consumer panel provided by the marketing agency ISO-PUBLIC, who has access to 35 thousand Swiss households. The panel is compiled through face-to-face and computer assisted telephone interviewing to ensure precise and representative sampling based on household profiles related to socio-demographic characteristics, profession, personal interests, internet knowledge, finance, health status, travel and vacation behavior.
A total of 1000 respondents completed the online questionnaire (response rate of 25 %). The same sample of 1000 respondents was contacted again exactly 6 and 24 months after they participated in the first survey. The respondents in the two retests were asked a few additional questions to see if anything had changed in their opinion or their personal circumstances that could have influenced their choices. They received exactly the same choice sets in the same order as they had in the original survey.
Results
Sample Characteristics and Self-Selection Bias
Out of the original 1000 respondents, 304 completed the online survey in the first retest and another 245 respondents in the second retest. These follow-up response rates (30 and 25 %) are lower than the follow-up response rate of 48 % found in Liebe et al. (2012) , but comparable to the 28 % in Schaafsma et al. (2014) . A possible reason for this is that Liebe et al. (2012) only approached those respondents who replied positively to the question whether they agree to be interviewed again after the original survey, which may have induced self-selection bias. In our study, the characteristics of the respondents who participated in the two retests are similar to those who only participated in the first survey (i.e. non-repeaters). This is shown in Table 1 . A slightly higher share of male and retired respondents who are more often a member of an environmental protection organization completed the survey the second and third time. Slightly less non-repeaters have a university degree, while slightly more are self-employed or full-employed. No significant differences can be detected between the repeaters and nonrepeaters in terms of education level and average household income. Less than 10 % of those who participated in the first retest (n=26) reported a change in their personal circumstances over the six-month time period compared to when they participated in the original survey (e.g. household size, employment status, income), while this share is less than 25 % (n = 56) in the second retest 2 years later.
Possible self-selection bias was tested using a Heckman Full Information Maximum Likelihood model in Stata version 13 (see Table 2 ). Two functions are estimated simultaneously, one specifying the probability that a respondent agrees to participate in the retest and one specifying the OE WTP bid function. The Heckman procedure tests whether participation in the retest is random between the sample of repeaters and non-repeaters. If non-random, the factors that determine participation in the retest may be correlated to the factors that determine the WTP values, resulting in a violation of the assumption of independent and identically distributed errors (e.g. Messonnier et al. 2000) .
As shown in Table 2 , we find a significant negative correlation (ρ) between the decision to participate in the retest and OE WTP, indicating that the estimated WTP function suffers from selection bias. The negative coefficient for both ρ and the selection coefficient λ suggests that unobserved factors that make participation more likely tend to be associated with lower WTP. In the selection models, male respondents are more likely to participate in the two retests. Respondent age and the importance respondents attach to water quality are also significant determinants of the likelihood of participating in the first retest, while membership of an environmental organization has a significant positive effect on the decision to participate in the second retest. In the OE WTP models, gender and income only play a significant role in the second retest. We also tested the possible impact of a number of survey characteristics, such as the recorded amount of time it took respondents to complete the surveys, the self- reported importance they attach to each of the choice attributes, respondent authorization to add their stated WTP to their next water bill as an indicator of hypothetical bias or the perceived credibility of the policy scenarios. None of these characteristics are statistically significant and are therefore not presented here. Possible selection bias was also examined by comparing the estimated choice models between the group of respondents who participated in the test and retests. Applying the Swait and Louviere (1993) test procedure, we are unable to reject the null hypothesis of equal preference parameters between those respondents who participated in the original survey and the first retest and those respondents who participated in the original survey and the second retest. Only a significant difference in scale parameter can be detected between the original sample and second retest. Hence, the retests do not significantly affect the preference 
Number of observations (number of non-repeaters)
1000 (696) 1000 (755) * * * p < 0.01; * * p < 0.05; * p < 0.10 coefficients in the estimated choice models. As a result, no significant difference can be found between the estimated mean WTP welfare measures for respondents who participated in the test only and those who participated in the retests. 1
Choice Consistency
Choice consistency was measured by comparing respondent choices across each choice set in the test and two retests and counting the number of times the same alternative was chosen in each choice occasion. Choice shares for the three alternatives across choice sets and surveys are shown in Fig. 2 for the original sample and the samples of repeaters. The choice shares do not differ much between the test and two retests and follow the same pattern. The first alternative is chosen slightly more often than the second alternative in the second choice set in the three surveys. The opt-out share is slightly higher in the first retest (13.9 %) than in the original survey (10.8 %) and second retest (9.7 %). The share of respondents who consistently chose the opt-out (i.e. six times) is also highest in the first retest (7.6 %) compared to the original survey (3.9 %) and the second retest (2.4 %), but is overall relatively low across all three surveys. This is, among others, due to extensive pre-testing of the DCE.
In order to test the first hypothesis, the share of consistent choices among repeaters across the six choice sets is compared in Table 3 for the three surveys. The choice consistency rate at choice set level varies between 56 and 66 % across the 3 surveys. Sixty-three percent of the choices are consistent when comparing choice behavior between the original survey and the first retest. This is slightly higher than the 59 % found in Liebe et al. (2012) and the 57 % found in Schaafsma et al. (2014) . Choice consistency is, as expected, lowest after 24 months when comparing choices in the original survey and the second retest (59 %), but still directly comparable to the findings reported in the existing literature over a time period of 12 months. The first and second retest are 18 months apart from each other and produce a slightly higher choice consistency of 61 %.
One in five respondents consistently chose exactly the same six alternatives, i.e. made identical choices across all six choice sets, in the first retest and the original survey (Table 4) . This is halved when comparing the original survey and the second retest and the first and second retest. Between three and six percent was completely inconsistent, choosing a different alternative in each choice set in the retests compared to the original survey. Although the share of inconsistent choices is considerable in the two follow-up surveys (37-41 %), the non-parametric Sign test is unable to reject the null hypothesis of equal choices at choice set level between test and retests.
Choice consistency was also measured within the same survey in the original survey and the second retest. A sub-sample of 250 respondents in the original survey was shown 7 choice sets where the first set was repeated without informing respondents either as the fourth, fifth, sixth or seventh choice set. The position in the choice set sequence where the choice set would be repeated was randomized across respondents. In the original survey, 79.6 % of these 250 respondents chose the same alternative again at a later point in the choice sequence. Some variation was found in the consistency rate depending on the location in the choice sequence where the first choice set was repeated. When shown again as the fourth choice set, 82 % chose the same alternative again, while if shown again as the seventh choice set, 75 % chose the same alternative again. In the second retest the same consistency test was carried out once again with the same respondents, but this time with a much smaller sub-sample size of only 28 respondents. The consistency rate based on this small sample was higher, namely 90. (varying between 71 and 100 % depending on where in the choice sequence the first choice set was repeated). Finally, respondent choice consistency for the samples of repeaters was regressed on possible explanatory factors in a random effects probit model, accounting for the panel data Table 3 Repeater sample shares (%) consistently choosing the same policy alternatives in the same discrete choice experiment at different points in time Choice set Original survey and first retest Original survey and second retest Sign test is the non-parametric related samples Sign test structure (6 choices per individual in each survey). These explanatory factors are related to respondents' socio-demographic characteristics (e.g. sex, age, income, education level), their attitudes (e.g. membership of an environmental organization, concern about MPs), their perception of the survey instrument and the choices they were asked to make (e.g. credibility, choice certainty and choice realism, which is based on authorizing the marketing company to add the stated bid amount to their next water bill), their choice behavior (e.g. the time needed to complete the survey, whether respondents consistently chose the opt-out), and the characteristics of the choice experiment (the standardized difference between the levels of the alternatives in the DCE indicating design complexity).
The results in Table 5 show that the probability of repeaters exhibiting consistent choice behavior depends significantly on the self-reported choice certainty. The more certain a respondent is about a choice, the higher the probability of choosing the same alternative again in the next survey. The inclusion of self-reported choice certainty in choice models could arguably result in potential endogeneity bias when modelling choice behavior (e.g. Dekker et al. 2016) . Less certain respondents are expected to make more random choices and choose more frequently the opt-out alternative. Such a relationship between opt-out choices and choice certainty was however not found in this study. Another remarkable finding is that, as expected, the bigger the difference between the attribute levels of two alternatives, the higher the likelihood of choosing the same alternative again in the next survey. 2 However, this effect fades away in time: the difference is highly significant when comparing choices over the shortest time period of 6 months (original survey and first retest), less significant when comparing choices over 18 months (first and second retest), and not significant when comparing the choices over a time period of 24 months (original survey and second retest). Moreover, respondents who clearly understood what they were being asked to pay for, a debriefing question at the end of the survey, exhibit significantly higher choice consistency. If the information about the environmental good for which respondents were asked to pay was considered clear, this also resulted in more consistent choices.
The influence of other explanatory variables is very limited. None of the sociodemographic or attitudinal characteristics are statistically significant, except membership Table 5 Random effects probit regression model explaining consistent choice behavior in the same discrete choice experiment at different points in time of an environmental organization and the credibility of the information presented in the survey about MPs. Both characteristics influence choice consistency in a positive way in two of the three models.
Equality of Preference and Scale Parameters in the Estimated Choice Models
In order to test the second hypothesis, random parameters logit (RPL) choice models are estimated in preference space in NLOGIT 5 for the full samples and the sample of respondents who participated in all three surveys (n = 131). Note that the latter is a sub-sample of 'pure' repeaters. As the results for the two samples are the same, we present and discuss here the models for the full samples in Table 6 . The first model is based on the choices of 1000 respondents in the original survey, the second model on the choices of 304 respondents in the first retest and the third model on the choices of 245 respondents in the second retest.
Contrary to Liebe et al. (2012) , we are unable to detect a significant error component in the estimated models in this study. Like Liebe et al. (2012) , we present here the choice models including their choice attributes only. This is justified by the fact that we compare models across the same respondents, and we were unable to find significant differences between respondents who indicated that their socio-economic situation had changed and respondents who said it had not over the retest period. We are unable to replicate the results presented in Schaafsma et al. (2014) who found significant effects of respondent sex, household income and membership of an environmental organization on choice behavior. Only respondents' membership of an environmental organization had a significant positive effect on choice behavior in all the estimated choice models in this study.
All choice attributes in the models are highly significant at the one percent level, have the expected signs, and exhibit preference heterogeneity as can be seen from the highly significant standard deviation of the random coefficients. The positive sign for the ASC indicates that respondents prefer, ceteris paribus, the hypothetical alternatives over the current situation. Respondents have strong preferences for a national instead of cantonal policy to reduce the current medium and high potential risk levels to a low potential risk, and prefer the knowledge about the potential human health impacts of MPs to become available sooner rather than later (the negative sign indicates preferences for a shorter period of time). As expected, the price coefficient is highly significant and negative in the three models. The distribution of the random terms of the dummy attributes is uniform following recommendations by Hensher et al. (2005) , while the best fit distribution for the availability of knowledge and the price attribute is normal. As can be seen from Table 6 , the estimated coefficients and the standard deviations of the random parameters are similar across the three surveys. The marginal utility attached to a low environmental risk level slightly decreases from the original survey to the first retest and then declines further in the second retest. At the same time the marginal utility attached to the scale of policy implementation (whole country) slightly increases. Respondents' price sensitivity also increases across the three surveys.
We formally test the equality of the estimated choice models using the Swait and Louviere (1993) test procedure. The test outcomes show that the null hypothesis of equal preference parameters for respondents who participated in the two retests cannot be rejected at the 10 % significance level (first two rows in Table 7 ). The same results are found for respondents who participated in all three surveys (n = 131), except that the null hypothesis of equal preference parameters over a time period of 6 months is rejected at the 5 % level ( p = 0.026). The estimated preference parameters are stable over a time period of 18 months (comparing the first and second retest) and 2 years (comparing the original survey with the second retest). When comparing the equality of scale parameters, we are unable to find a significant Table 6 Mixed logit discrete choice models estimated in preference space based on the same discrete choice experiment at different points in time Table 7 Results of the likelihood ratio tests of equal preference and scale parameters between the estimated discrete choice models at different points in time
H a 0 : 
Temporal Stability of the Estimated WTP Welfare Measures
In order to test the third hypothesis, the same test and retest choice models are estimated in WTP space in NLOGIT 5 to allow for direct comparison of welfare estimates across the three surveys. Table 8 shows the mean WTP estimates for the policy scenario of interest where the potential environmental risk is reduced to a low level in the whole country based on the test and retest models. The knowledge attribute is assumed to remain at its baseline level, implying that the knowledge about the impacts of MPs on human health will become available in 20 years from now. The welfare estimates for the retests are not adjusted for inflation given the fact that there was no inflation in Switzerland during the two-year period (according to Swiss Statistics, the inflation rates were −0.2 % in 2013 and 0.0 % in 2014). Mean WTP derived from the DCE for the sample of respondents who participated in all three surveys (n = 131) initially drops significantly by 25 % over a time period of 6 months, but then slightly increases again by 10 % over the next 18 months. After two years, mean WTP is therefore 15 % lower than in the original survey. A similar result is found when comparing estimated mean WTP for respondents who participated in the original and the third survey (n = 245). Mean WTP is after 2 years the same for this group of respondents (CHF 86.7/ household/year) and for respondents who participated in all three surveys (CHF 86.8/ household/year). The latter estimate is less accurate due to the smaller sample size as can be seen from the wider 95 % confidence interval. The observed differences between the estimated mean WTP values in the test and retests for the sample who participated in all three surveys are statistically significant at the 5 % level. Hence, we reject the third hypothesis and conclude that the DCE based welfare measures are not stable over a time period of 6, 18 and 24 months. This result goes against findings in the existing literature that stated WTP in DCEs are stable over a time period of 12 months.
Following the DCE, respondents were asked for their maximum WTP for the same policy scenario in an OE question. In order to test for possible ordering effects (the fourth hypothesis in this study), we asked half of the respondents in the third survey the OE WTP question before the DCE. This generated a significantly higher mean WTP (CHF 157.3/household/year) at the 5 % level than when the same OE WTP question is asked after the DCE in the third survey (CHF 95.1/household/year). 3 We therefore reject the fourth hypothesis and account for these ordering effects in the third survey by only comparing mean WTP values which were elicited after the DCE (n = 137) with those from the first and the second survey. The results for the mean OE WTP values in the test and retests are also reported in Table 8 .
The number of stated zero bids in the OE WTP question is very limited (between 2.5 and 5 % in the three surveys). Similar to the DCE results, we find no significant influence of any of the socio-economic respondent characteristics or the perception and attitudinal variables on the stated OE WTP values. Like Brouwer et al. (2015) , we do find significant positive anchoring of the stated OE WTP values on the price level in the respondents' preferred choice alternative in the DCE's last choice set. This suggests that the two elicitation formats do not produce independent welfare measures. We use the mean predicted values to test the stability of OE WTP in time with the same Wald test in Stata.
Examining the mean OE WTP values in Table 8 across the three surveys, we find that the mean OE WTP consistently declines from the original survey to the first retest (−7 %) over a time period of 6 months and from the first to the second retest (−12 %) over 18 months. Moreover, for those respondents who participated in all three surveys, mean OE and DCE based WTP are remarkably similar in the original survey and the second retest two years later. 4 The main difference between the OE and DCE based WTP is that the drop in OE WTP after 6 months is substantially less (7 instead of 25 %) and continues to drop further by 12 % in the second retest, resulting in a decline of 18 % over a time period of two years. Contrary to the DCE results, the differences between the mean OE WTP values across the three surveys are not statistically significant at the 5 % level based on the Wald test. Hence, conform previous findings in the test-retest SP literature, the mean OE WTP values decrease, but are statistically speaking the same over a time period of two years based on the sample of respondents who participated in all three surveys. This confirms the third hypothesis for the OE WTP elicitation format that these WTP values are stable over 6, 18 and 24 months.
Discussion and Conclusions
This paper tests the reliability of the assumption commonly made in the value transfer literature that individuals' preferences are consistent and stable over time. New in this study is that we test preference stability based on two commonly applied elicitation formats at three different points in time. Exactly 6 and 24 months after conducting the original SP survey, using both a DCE and OE WTP question, the same sample of respondents was asked to participate in the same survey again. This allowed us to test the temporal stability of SP and WTP values for the same environmental change in the short and slightly longer term. In addition, we test possible self-selection bias, choice consistency between and within surveys, preference and scale stability, and ordering effects by including the OE WTP question both before and after the DCE. Similar to the anchoring effects found in the early SP literature where an OE WTP followed a sequence of DC WTP questions (e.g. Green et al. 1998) , the stated OE WTP values are significantly anchored on the price levels of the preferred alternative in the last choice set of the DCE. Moreover, there is evidence of significant procedural bias: asking the OE WTP question before the DCE results in a significantly higher mean WTP than asking the same OE WTP question after the DCE. Only a few studies exist that test for such ordering effects and their results are mixed. For example, Hynes et al. (2011) rotated the order of the DCE and OE WTP question in their survey and found no significant difference in WTP estimates, suggesting that no ordering effects are present. On the other hand, Metcalfe et al. (2012) included a payment card and a DC WTP question before and after a DCE and found significantly different WTP values across their split samples. An important caveat of our study is that this ordering effect was only tested in the third survey, making it hard to draw conclusions about the temporal reliability of the two WTP elicitation formats independently.
Our results show that 6 months after the original survey 63 % of the choices are identical and hence strictly consistent, which reduces to 59 % after 24 months. This is comparable to findings in previous DCE studies in the environmental valuation literature (Liebe et al. 2012 and Schaafsma et al. 2014) . New in this study is that besides testing choice consistency across the three surveys, we also test choice consistency within the same survey. This yields a substantially higher consistency rate of 80 %, which is somewhat higher than the 73 % reported in Brouwer et al. (2010) . Compared to Brown et al. (2008) , who report an inconsistency rate of 15 % at the start of their DCE which is halved after 30 choice repetitions due to preference learning, a considerable share of choice inconsistency in our study hence seems to occur within the time frame of just a few minutes.
The study confirms prior expectations that a higher degree of choice certainty and bigger differences between choice alternatives and hence lower choice complexity yield more consistent choices. However, the latter effect fades away in time. The link between choice complexity and choice (in)consistency has been tested in several DCE studies (e.g., DeShazo and Fermo 2002; Louviere 2008; Dellaert et al. 2012 . Most of these studies focus more broadly on design complexity dimensions, such as the number of choice sets, attributes and attribute levels, and their impact on the estimated model's error variance. The results so far are mixed (e.g. Swait and Adamowicz 2001; Dellaert et al. 2012) . Dellaert et al. (1999) find, for example, that choice consistency decreases as bid level differences increase and absolute bid levels increase. This outcome is different from similar tests, which invariably show that larger differences between alternatives result in higher choice certainty (e.g. Lundhede et al. 2008; Brouwer et al. 2010) .
Despite a considerable share of inconsistent choices between the three surveys, the underlying preference parameters in the estimated random utility models appear to be stable over a time period of 18 and 24 months. This is likely due to the strict definition of choice consistency, requiring identical choices in the test and retest. The null hypothesis of equal scale parameters cannot be rejected either at the 5 % significance level over the same time period. The mean WTP values derived from the DCE across the three surveys are nevertheless significantly different and show a clear decline over the two-year time period. This has important implications for the practical use of DCE based welfare measures in benefits transfer. Although DCEs have been argued to be more suitable for benefits transfer than direct WTP elicitation formats since they allow for the modification of context-specific policy characteristics in the utility functions (e.g. Hanley et al. 2001) , they seem to have a shorter expiry date. Like the DCE based WTP values, the OE WTP values also decrease in time, but more steadily and not in a significant way based on the same testing procedure. Hence, although the overall decline in estimated OE and DCE WTP values over the 2-year time period is similar, the OE WTP values remain stable.
Finally, directions for future research include more test-retest studies in which surveys are conducted among the same sample of respondents at multiple points and over longer periods of time. Repeating surveys more than once provides better insight into preference dynamics over time and helps to determine the time frame during which benefits transfer based on specific WTP elicitation formats remains valid. This clearly is an underexposed area of research with direct relevance for the practice of benefits transfer. Although our study suggests that the DCE has limited use for benefits transfer over a longer period of time than tested so far in the DCE literature, more empirical evidence on the topic is needed to come to a final conclusion, especially in view of the fact that the estimated WTP values and their evolution over time based on the two elicitation formats are in the same order of magnitude. Ideally, the stability of welfare measures is also tested independently based on different elicitation formats over longer periods of time so as to evaluate their suitability for inclusion in benefits transfer.
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